There is general agreement that in pregnancy there are deviations in maternal acid-base state from what is regarded as normal in non-pregnant subjects. The description of acid-base changes which follows has been centred on labour, since it is at this time that the deviations are most marked. The experimental methods used have been described elsewhere (Fadl & Utting 1969a, b) : arterialized venous blood was used throughout the investigation (Brooks & Wynn 1959) and results are presented only from women who were considered to have a normal labour. Except where otherwise stated, samples were taken in the time between uterine contractions.
The results of the determinations of blood pH, Pco2 and base excess are shown in Table 1 . It can be seen that in late pregnancy, in labour and immediately after delivery there is hypocapnia, metabolic acidosis and a slight rise in blood pH.
The change in carbon dioxide tension can be regarded as primary and is due to active pulmonary hyperventilation which is probably hormone induced. The mean Pco2 is low in the last trimester of pregnancy but the standard deviation from the mean is no higher than it is in non-pregnant subjects; the mechanism controlling Pco2 functions with the same precision as it does in non-pregnant subjects but at a lower level. In the early first stage of labour the Pco2 is lower than it was in the last trimester and the tension remains much the same till the end of the first stage when it declines to reach its lowest level, a decrease which is statistically significant (P <001). During the second stage the Pco2 rises slightly.
The form of analgesia used in the first stage of labour was found to have little effect on blood carbon dioxide tension (Fadl & Utting 1969a) . There was little difference in the Pco2 of samples taken between and during uterine contractions at the end of the first stage of labour except in those patients who were using a self-administered analgesic apparatus (the Entonox). In these patients the Pco% between contractions was somewhat lower than in those not using the apparatus, and during contractions the Pco2 fell to very low levels (mean 24-4 mmHg, S.D. 4 0 mmHg).
During the second stage the Pco. appears to rise as the patient makes expulsive efforts.
The blood pH is highest at the end of the first stage of labour and the increase in blood pH between the beginning of the first stage and the second stage is statistically significant (P <001). In the second stage the blood pH declines somewhat. It is worth emphasizing that the blood pH in labour would be very high if it were not for the existence of the concomitant base deficit.
The problem of the metabolic acidosis of pregnancy and labour is a perplexing one. The ultimate arbiter of acid-base state is the Henderson-Hasselbalch equation. The constancy of the composite constant pK1' in this equation has been questioned. An experimental determination of the constant in women in labour, however, showed no difference in the values obtained for the constant in blood taken from women at the end of the first stage of labour and blood taken from normal control subjects, the value obtained being 6-106 at 38°C in both cases (Fadl & Utting 1969b) . This indicates that the maternal metabolic acidosis must be considered genuine and vindicates the use of such nomograms as those of Siggaard-Andersen (1962 , 1963 .
The causes of metabolic acidosis are, first, gain of strong acid by the extracellular fluid and, secondly, loss of bicarbonate from it. The relevant possible causes of gain of strong acid are accumulation of the products of the incomplete metabolism of carbohydrate or of fat (giving a lactic or keto-acidosis respectively), and the accumulation of the inorganic acid products of normal metabolism (phosphate and sulphate) seen in azotmmic acidosis. Blood lactate and keto-acid concentrations were investigated using enzymatic methods (Boehringer, Mannheim). When control values obtained from non-pregnant subjects were compared with values obtained from women in labour no substantial increase in either lactate or keto-acids could be demonstrated. In the case of lactic acid concentrations in labour (27 cases) there was a slight increase in lactate in the second stage but the mean value in the second stage was only some 025 mEq/l above the control levels obtained from non-pregnant subjects. An increase in keto-acids (both hydroxybutyric and aceto- Table 1 Acid-base values in late pregnancy, labour and after delivery Twenty experimental values for the last trimester ofpregnancy (black dots), beginning of labour (crosses) and late labour (tr-iangles) are given acetic) was found in labour (15 cases) but again this amounted to less than 0 5 mEq/l over control values. Total serum acid phosphate (20 cases) was within normal limits as was serum inorganic phosphate. There is thus, in this series, no evidence for the gross accumulation of fixed acids though, it should be pointed out, this does not exclude the possibility that such accumulation makes an important contribution to maternal metabolic acidosis in some clinical conditions. This merely shows that a substantial maternal metabolic acidosis can be present in labour without a corresponding rise in fixed acids. The usual cause of loss of bicarbonate from the extracellular fluid is by way of the kidney. This is seen, for example, in the chronic hypocapnia whiclh is induced by living at high altitude and which is accompanied by a 'compensatory' metabolic acidosis, renal in origin, which returns the blood pH to normal or nearly so; these subjects have normal blood lactic acid concentrations. That the situation in pregnancy and early labour is somewhat similar to that which would be expected at high altitude is shown in Fig 1. Later in labour, however, the degree of hypocapnia increases and the metabolic acidosis which is present is insufficient to return the pH to normal; compensation is incomplete. This explanation does not, however, exclude the possibility that there is, under some circumstances, accumulation of fixed acids in labour. This might appear to be part of the process of compensation or might, indeed, be so great as to result in a reduction in plasma pH.
The base excess in labour can change very quickly, for example by 1-2 mEq/l in a few minutes; the mechanism of this rapid change is not known but the possibility of associated changes in the concentration of plasma chloride is worth further investigation. Acid-base Balance at Birth This discussion concerns the clinically normal infant at birth. Most authors include neonates with Apgar ratings of between 8 and 10 in this category. It is felt that this is not stringent enough, especially when minor asphyxial changes are to be assessed. Consequently, the following criteria were used in this study:
(1) Maturity greater than 37 weeks (2) Labour between 4 and 12 hours' duration, with a second stage of less than 30 minutes (3) No maternal sedation (4) Apgar score of 10 at 1 and 5 minutes (5) First breath within 10 seconds of birth (6) Established respiration within 20 seconds of birth (7) Pulse rate at 1 minute of greater than 130 beats per minute (8) Saling score (Bretscher & Saling 1967) of 12/4 (9) Attainment of normal acid-base balance within 4 hours of birth Twenty infants were examined and the findings were contrasted with 10 markedly depressed infants (Apgar ratings at 1 minute of less than 6).
A segment of umbilical cord was isolated prior to the first breath and arterial and venous blood were analysed for glucose, lactate, pyruvate, Poa, Pcoa, pH and the derived values. Simultaneous samples of maternal arterial and venous blood were analysed similarly. Both scalp and cord blood sampling suffer from the lack of a steady state, but cord sampling produces an adequate volume of blood, does not introduce the variable of time and allows a direct neonatal Pco2 measurement and was therefore considered more suitable for this discussion.
Results
The neonate in isolation (Table 1) : An overlap between all measurements of normals and abnormals is apparent with the exception of Pco2, the upper limit of normal being 47 mmHg. Excess lactate was formed in 5 normal cases, and in 4 of these the maternal arterial Pco2 was below 20 mmHg, indicating a significant degree of hyperventilation. This would suggest that hyperventilation may well lead to at least some foetal hypoxia. Lactic and pyruvic acids account for approximately 30% of the derived base excess in normals and 50% in abnormals. The feetus and
